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Summary
Life expectancy in Italy is estimated to rise to 77.9 and 84.4
years in next years. Increased life expectancy is associated
with a greater frailty of elderly people and an increased preva-
lence of chronic and degenerative illnesses such as cardio-
vascular diseases and osteoporosis. The impact of osteo-
porotic hip fractures in Italy is very similar to that of acute my-
ocardial infarction (AMI), and there is a need for further epi-
demiological investigations concerning both the pathologies,
as well as for a better understanding of possible mechanisms
of their cosegregation. Actually, calcium metabolism is in-
volved both in the development of osteoporosis and in the
raise of cardiovascular risk. We have reviewed the most re-
cent publications concerning epidemiological trends of both
osteoporosis and acute myocardial infarction (AMI), and also
the trials addressing cosegregation of these pathologies. Ac-
cording to the publications examined, in the Italian population
(both ≥ 45 and > 65 years old), the number of hospitalizations
following hip fracture and AMI are comparable. Both hip frac-
tures and cardiovascular diseases represent in Italy a serious
medical problem and a leading health cost driver, according
to what has already been reported for many other Countries in
the industrialized world, thus requiring a global clinical ap-
proach. Low calcium intake could represent one of the possi-
ble pathogenic paths underlining the association between hy-
pertension and osteoporosis. Low calcium serum levels has
been proved to enhance PTH and vitamin D3 production,
which result in a remarkable lypogenesis performed by
adypocites and switch on mechanisms leading to the raise of
blood systolic pressure, the development of atherosclerotic
plaques and cardiovascular events. Although many trials have
suggested that bone mineral density may be included in the
list of cardiovascular risk factors, more studies are needed in
order to deeply investigate the causal relationships between
calcium metabolism and cardiovascular diseases.
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Introduction
Italy has one of the highest life expectancies in the world: ac-
cording to the Italian National Institute for Statistics (ISTAT),
life expectancy at birth increased at a rate of 4 months per year
from 1950 to 2002, reaching 76.2 years for men and 82.6 years
for women (1); life expectancy is estimated to rise to 77.9 and
84.4 years, respectively, by 2010 (1). High life expectancy
combined with low natality has increased the elderly popula-
tion, such that Italy represents an interesting international case
study for aging-related diseases. In Italy, 18% of the population
is actually over 65 years of age; within the next decade this
age-group may exceed 22% of the population (2). Moreover,
4% of this group is already ≥ 80 years of age (1). Increased life
expectancy is associated with a greater frailty of elderly people
and an increased prevalence of chronic and degenerative dis-
eases. Osteoporosis and its complications – especially hip
fractures – represent a challenge for health professionals and
decision makers in the twenty-first century. The World Health
Organization (WHO) considers osteoporosis to be second only
to cardiovascular diseases as a critical health problem (3). The
Epidemiological Study on the Prevalence of Osteoporosis in
Italy (ESOPO) reported a high prevalence of osteoporosis in
2000: 23% among all women, with age-specific rates ranging
from 9% (40- to 49-year-olds) to 45% (70- to 79-year-olds), and
almost 15% in men aged ≥ 60 years (4). Thus, we estimate
that in Italy 4 million women and 800 thousand men are ex-
posed to an increased risk of fracture that, as shown by several
studies (5-12). The International Osteoporosis Foundation
(IOF) estimated that, worldwide, hip fractures will occur in 18%
of women and 6% of men, while 33% of women and 11% of
men aged ≥ 80 years will experience a hip fracture due to os-
teoporosis (3). Hip fractures require a longer period of hospital-
ization than all other pathologies, with the only exception of
psychiatric diseases (13). In developed countries, mortality
from hip fractures is greater than that from gastric and pancre-
atic cancer; at the same time, the risk of experiencing a hip
fracture is higher than that of developing breast, endometrial
and ovarian cancer in women or prostatic cancer in men (3).
The current mortality following hip fractures is similar to that for
breast cancer, with a 5% acute mortality rate that increases to
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15-25% within 1 year (2, 5, 14). Once hip fracture has oc-
curred, the ability to walk is completely lost in 20% of cases,
and only 30-40% of patients recover a degree of autonomy
comparable to the period before the fracture (2, 14-18). Each
year in Italy, almost 85,000 people suffer a hip fracture and
18,000 persons become completely disabled as a conse-
quence of that (2). Therefore, the impact of hip fractures in Italy
is very similar to that of acute myocardial infarction (AMI) as
hospitalizations due to AMI are almost 110,000 per year (2),
but there is a need for further epidemiological investigations
concerning both the pathologies, as well as for a better under-
standing of possible mechanisms of their co-segregation. 
Methods
We have reviewed the most recent publications concerning
epidemiological trends of both osteoporosis and acute myocar-
dial infarction (AMI), and also the trials addressing co-segrega-
tion of these pathologies. Actually, calcium metabolism is in-
volved both in the development of osteoporosis and in the raise
of cardiovascular risk. The studies selected in our metanalysis
were the following: a) Piscitelli P., Iolascon G. et al. “Incidence
and costs of hip fractures vs. acute myocardial infarction in the
Italian population: a 4 years survey”, Osteoporosis Internation-
al., 2007; 18: 211-219 (19); b) Varenna M. et al. “Unbalanced
Diet to Lower Serum Cholesterol Level is a Risk Factor for
Postmenopausal Osteoporosis and Distal Forearm Fracture”,
Osteoporosis Int. 2001, 12: 296-301 (20); c) Kamycheva E et
al., “Quartiles of serum PTH and serum Calcium as indepen-
dent predictors of obesity in 4507 women aged 30 to 89 years”,
Eur J Endocrinol, 2004 (21); d) Heaney RP et al., “Calcium and
weight: clinical studies”, J Am Coll Nutr Vol. 21, No. 2, 152S-
155S, 2002 (22); e) Zemel MB, Shi H, Greer B, et al., “Regula-
tion of adiposity by dietary calcium”, FASEB Journal 2000;
14:1132-1138 (23); f) Targher G. et al., “Early carotid athero-
sclerosis. Role of visceral fat accumulation”, Diabetes Care
2004; 27:2498-2500 (24); g) Kamycheva E et al., “Mean sys-
tolic blood pressure and daily calcium intake values by PTH
quartiles in 1965 women aged 40-79 years”, Eur J Cardiovasc
Prevention Rehab, 2004 (25); h) Zemel MB, “Regulation of adi-
posity and obesity risk by dietary calcium: mechanism and im-
plications”, J Am Coll Nutr, J Am Coll Nutr, 2002, 21(2): 146S-
51S (26); i ) Cappuccio FP, et al., High blood pressure and
bone-mineral loss in elderly white women: a prospective study,
Lancet, 354:971-75, 1999 (27); l ) Browner WS, Pressman AR,
Nevitt MC et al., “Association between low density and stroke
in eldery women”, Stroke 1993; 24:940-46 (28); m) Mussolino
ME et al., “Bone mineral density and mortality in women and
men: the NHANES I epidemiologic follow-up study”, Ann Epi-
demiol 2003; 13:692-697 (29); n) Samelson EJ, “Metacarpal
Cortical Area and Risk of Coronary Heart Disease”, The Fram-
ingham Study, Am J Epidemiol 2004; 159:589-595 (30); o) Jør-
gensen L et al., “Low bone mineral density is related to
echogenic carotid artery plaques: a population-based study”,
American Journal of Epidemiology 2004; 160:549-556 (31).
Results
According to the publications examined, in the Italian popula-
tion (both ≥ 45 and > 65 years old), the number of hospitaliza-
tions following hip fracture and AMI are comparable (Table I
and II) (19). Hip fractures Observed among adults aged ≥ 45
were 78,834 in 1999 and 86,719 in 2002, corresponding to an
increase of 10.0% over 4 years (Table I). The majority of hip
fractures occurred in patients ≥ 65 years of age or older
(93.1%) and particularly in women (77.1%). Among women,
79.2% of fractures were experienced in patients ≥ 75 years of
age. In the same population AMI resulted in the hospitalization
of 86,100 patients in 1999 and 106,842 patients in 2002, corre-
sponding to an increase of 24.0% over 4 years. The number of
hospitalizations due to AMI in men approximates the number of
hospitalizations for hip fractures in women; therefore, in 1999,
AMI resulted only in 7,266 more hospitalizations than hip frac-
tures (a difference of 9%); in the years 2000, 2001 and 2002,
AMI resulted in 9,846 (11%), 13,425 (16%) and 20,123 (23%)
additional hospitalizations, respectively, compared to hip frac-
Table I - Hospitalizations due to hip fractures (Italian hospitalization database 1999-2002) (19).
Age 1999 2000 2001 2002
M F M F M F M F
45-64 12,520 13,633 12,527 13,259 12,550 13,584 12,510 13,405
65-74 13,573 19,854 13,611 19,589 13,716 19,618 13,715 19,879
> 75 11,702 47,552 12,426 47,867 13,153 51,867 13,582 53,628
Total 17,795 61,039 18,564 60,715 19,419 65,069 19,807 66,912
Table II -  Hospitalizations due to acute myocardial infarction (Italian hospitalization database 1999-2002) (19).
Age 1999 2000 2001 2002
M F M F M F M F
45-64 25,220 14,646 25,357 14,765 27,359 15,279 28,594 15,673
65-74 17,519 17,838 17,996 17,925 18,909 18,637 20,109 19,149
> 75 14,830 16,047 15,917 17,195 18,234 19,495 20,804 22,513
Total 57,569 28,531 59,240 29,885 64,502 33,411 69,507 37,335
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tures. Considering only elderly persons, direct costs of hospi-
talization for hip fractures were > 40% higher than those for
AMI in each year analyzed. Overall direct costs sustained for
the hospitalization of hip fractures and AMI in the period 1999-
2002 were determined in the examined study as the sum of the
weighted costs for each DRG. Direct costs of hip fractures
were found to be higher and to grow faster than costs sus-
tained for AMI (Table III) (19).
In the analysis of the selected clinical trials concerning co-seg-
regation of osteoporosis and cardiovascular diseases, we
found that women who were following diets with very low intake
of milk and dairy products, in order to reduce their serum cho-
lesterol levels, showed an increase in their body weight (20).
These women also presented a higher prevalence of osteo-
porosis and their fractures’ incidence was almost the double
than the value observed in a control group of women with no
dietary restrictions. The difference between the two groups was
influenced by the duration of the low cholesterol diet (20). Met-
analyses of observational studies (21, 22) have demonstrated
a reverse ratio between average daily calcium intake and body
weight, as subjects with higher calcium intake tend to be slim-
mer than those people with dietary restriction (Fig. 1). Actually,
having abolished milk and dairy products from the diet results
in a reduction both in cholesterol and calcium serum levels. As
a consequence of that, the production of PTH rapidly increas-
es, together with the serum levels of vitamin D3 (actually on
their surfaces have been identified specific receptors for PTH
and vitamin D3), thus unbalancing the physiologic equilibrium
between lipolysis and lipogenesis inside the adipocytes. The fi-
nal result of this process is the enhancement of fatty tissue for-
mation (23), which has been demonstrated to increase cardio-
vascular risk, as visceral fat is responsible for the thickening of
carotid walls, indicative of early atherosclerosis (24). Women
with low serum calcium levels have higher serum PTH levels,
and these values were found to be independent predictors of
obesity in 4507 women aged 30 to 89 years in an international
clinical trial (21). 
In addition to bone resorption and fatty tissue formation, the
raise in PTH serum levels due to low calcium intake is also as-
sociated to an increase of systolic blood pressure. Actually, as
observed for adypocites, also the arteriolar vascular muscle
smooth cells have specific receptors for PTH and vitamin D3.
The activity of these receptors due to the raise in PTH and vita-
min D3 serum levels (following a low calcium intake) results in
a higher contractility of arteriolar vessels (Fig. 2), thus enhanc-
ing peripheral resistances and finally increasing systolic blood
pressure of subjects with low calcium intake (25, 26). A study
conducted on 1,965 women aged 40-79 years old has demon-
strated that subjects with low calcium intake have both higher
PTH serum levels and higher systolic blood pressure (25).
According to these data, there is a direct relationship between
the raise of PTH serum levels and the increase in blood sys-
tolic pressure, with a reverse correlation with calcium intake
(especially if the intake is < 400 mg/die) (25). Recent studies
focusing on the correlation between hypertension and osteo-
porosis have observed that the incidence of hypertension and
strokes is higher in people with low bone mineral density (27-
29). A perspective study carried out on white women aged 66-
91 years old found that subjects having low bone mineral den-
sity were those included in the higher systolic blood pressure
quartiles (27). The association between low bone mineral den-
sity and stroke has been suggested by a study conducted in el-
derly women, where the subjects included in the lowest calca-
neus bone mineral density quartiles were associated to the
highest stroke incidence rates (and possibly also with worse
survival probabilities) (28). Moreover, in a 20 years follow up of
3501 patientis aged 45-74 from the U.S. NHANES I database
(First National Health and Nutrition Examination Survey) it has
Table III - Overall direct costs sustained for hospitalizations and rehabilitation following hip fractures vs. acute myocardial infarction in elderly
Italian population (year 2002) (19).
Hip fractures (2002) > 65 years old Acute myocardial infarction (2002) > 65 years old
Hospitalization 394,000,000 Euro Hospitalization 270,000,000 Euro
Rehabilitation 335,000,000 Euro Rehabilitation 259,000,000 Euro
Direct costs (total) 729,000,000 Euro Direct costs (total) 529,000,000 Euro
Figure 1 - Correlation between calcium intake and body weight in
Heaney RP et al. (22).
Figure 2 - Mechanisms leading to hypertension and lipogenesis en-
hancement following low calcium intake (23).
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been observed a significant reverse correlation between bone
mineral density and mortality for all the causes (29). In a cohort
of almost two-thousand patients from the Framingham study
(1.236 women and 823 men aged 47-80 years old) monitored
for 30 years, the incidence of coronary heart disease was high-
er in patients with worse values of metacarpal cortical area
(30). Low bone mineral density seems also to have a reverse
correlation with echogenic atherosclerotic carotid artery
plaques, as confirmed by a cross-sectional population-based
study carried out on 2.543 men and 2.726 post-menopausal
women aged 55-74 years old (31).
Discussion 
While BMD is a recognized predictor of osteoporotic fractures,
it seems that this parameter should also be added to the our
list of cardiovascular risk factors. The observation of a reverse
correlation between daily calcium intake and body weight has
been confirmed also in early post-menopausal women, in
which the estrogens deficit could have a stronger role. Actual-
ly, the body weight of women with no more than 5 years of
post-menopause and average daily calcium intake < 400
mg/die has been found to be higher than a control group
where early post-menopausal subjects had a calcium intake >
750 mg/die (32). However, calcium metabolism and change in
PTH serum levels have been demonstrated to be involved not
only in lypogenesis performed by the adypocites, but also in
the mechanisms leading to the raise of blood systolic pres-
sure, the development of atherosclerotic plaques and cardio-
vascular events (24-31). Therefore, enhancing the bone min-
eral density could contribute to prevent cardiovascular dis-
eases (30). American researchers have proposed to include
the Coronary Artery Calcium Score (CACS) in the computation
of the Framingham Risk Score (FRS), used for the evaluation
of the risk of coronary heart disease (CHD) in order to improve
our chance to predict cardiovascular events, at least in those
patients whose 10-years FRS is >10% (33). Furthermore, de-
termining both coronary artery calcium (CAC) and LDL serum
levels has been proved to better predict the risk of first my-
ocardial infarction than LDL evaluation alone, in patients re-
ceiving cholesterol-lowering therapies (34). According to these
data, in order to assess the cardiovascular risk profile of indi-
vidual patients, the attention of physicians should not exclude
the evaluation of their calcium metabolism status and CAC in
addition to LDL serum levels (34). 
Conclusion
Both hip fractures and cardiovascular diseases represent in
Italy a serious medical problem and a leading health cost dri-
ver, according to what has already been reported for many oth-
er Countries in the industrialized world, thus requiring a global
clinical approach (19, 35-37). Low calcium intake could repre-
sent, even in post-menopausal women, one of the possible
pathogenic paths underlining the association between hyper-
tension and osteoporosis. Low calcium serum levels has been
proved to enhance PTH and vitamin D3 production, which re-
sult in a remarkable lypogenesis performed by adypocites and
switch on mechanisms leading to the raise of blood systolic
pressure, the development of atherosclerotic plaques and car-
diovascular events. Although many trials have suggested that
bone mineral density may be included in the list of cardiovas-
cular risk factors, more studies are needed in order to deeply
investigate the causal relationships between calcium metabo-
lism and cardiovascular diseases. Until indisputable data are
available, all the measures aimed to enhance bone mineral
density in individual patients should be limited to the prevention
of osteoporotic fractures. 
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